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Abstract 
The femtosecond Z-scan measurements with open-aperture of nonlinear absorption of the R2O-B2O3-SiO2 (R = Li, Na, K) 
polarizing oxide glass containing Ag nanorods at polarizing angle  = 0 and 90 degrees are performed and compared with 
the earlier Z-scan data obtained for the chalcogenide glasses with Cu nanoparticles (Cu:As2S3 and Cu:Ge15.8As21S63.2). The 
results of the present study reveal that (i) when the polarization of the laser is parallel to the long axis of the Ag nanorods 
(  = 0 degrees), the saturated nonlinear absorption takes place; and (ii) when the polarization of light is perpendicular to 
the long axis of the Ag nanorods (  = 90 degrees), the saturated nonlinear absorption and two-photon nonlinear 
absorption are observed likely to Cu:chalcogenide glasses. Ellipsometric measurements show also a dependence of the 
properties of the investigated polarizing glass on the sample orientation in consistence with Ag nanorod locations. 
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1. Introduction 
Recently, an R2O-B2O3-SiO2 (R = Li, Na, K) polarizing oxide glass containing Ag nanorods, prepared by 
thermal elongation-reduction technology, has been examined as advanced photonic materials for applications 
in all-optical switching by Wang et al., 2006. The essential condition for applications in all-optical switching 
is an one-photon and a two-photon figures of merit (FOM) W > 1 and T < 1, respectively, where W = n2I/  
and T = /n2 (  and  are the linear and nonlinear absorption (NLA) coefficients, n2 is the optical Kerr 
coefficient or nonlinear refractive (NLR) index, I is the irradiance, and  is the wavelength of the laser). In 
particular, for the polarizing glass studied it has been revealed that (i) the transverse and longitudinal plasmon 
absorption peaks of the embedded Ag nanorods are close to 460 and 720 nm, respectively; (ii) when the 
polarization of the laser is parallel to the long axis of the Ag nanorods,  = 0.82 cm/GW and n2 = -1.5 × 10-4 
cm2/GW; when the polarization of light is perpendicular to the long axis of the Ag nanorods,  = 0.12 cm/GW 
and n2 = -7.2 × 10-5 cm2/GW; and (iii) at 780 nm, with a peak irradiance I = 1.9 GW/cm2, the best one-photon 
FOM W = 1.6, and the best two-photon FOM T = 0.16 were obtained when the polarization of the laser pulses 
was perpendicular to the long axis of the Ag nanorods; satisfying the demands that W >  1 and T < 1 for 
applications in all-optical switching.  
On the other hand, the binary and ternary alloys of chalcogenide glasses with ion-synthesized copper 
nanoparticles (i.e., Cu:As2S3 and Cu:Ge15.8As21S63.2) have also been found out to be as advanced photonic 
materials for nonlinear optics applications by Kavetskyy et al., 2012. Namely, for the ion-irradiated samples it 
has been established (i) an appearance of characteristic band of optical surface plasmon resonance in the linear 
transmitance spectra, indicating the formation of copper nanoparticles in the surface region; and (ii) an 
existance of simultaneously saturated nonlinear absorption and two-photon nonlinear absorption, the latter 
being dominated with increasing of laser power. Such properties of the chalcogenide glasses with copper 
nanoparticles can find attractive application for synchronization of laser modes and optical terminators. 
The aim of this work is to perform a comparative study of optical properties of the polarizing oxide glasses 
with silver nanorods (Ag:R2O-B2O3-SiO2), having a weaker polarized optical properties than the samples 
studied by Wang et al., 2006, and chalcogenide glasses with copper nanoparticles (Cu:As2S3 and 
Cu:Ge15.8As21S63.2), synthesized by ion-implantation with dose of 1.5  1017 ion/cm2 by Kavetskyy et al., 2012. 
2. Experimental 
Details on the preparation of the investigated polarizing oxide glasses with silver nanorods and 
chalcogenide glasses with copper nanoparticles are reported elsewhere by Wang et al., 2006 and Kavetskyy et 
al., 2012. The surface plasmon absorption bands of embedded Ag nanorods in the polarizing glass and Cu 
nanoparticles in the chalcogenide glasses are detected using optical transmission measurememts with double-
beam spectrophotometer Hitachi-330, similar to Ag-implantation into SiO2 glasses by Stepanov and Popok, 
2004 and Ganeev et al., 2003, and Cu-implantation into ZnO by Karali et al., 2005, and SiO2 by Stepanov et 
al., 2012. Measurements of nonlinear absorption of the polarizing glass were carried out with a single beam Z-
scan method with open-aperture to be compared with the same measurements for the Cu:chalcogenide glasses 
performed earlier by Kavetskyy et al., 2012, at the identical experimental conditions. A femtosecond laser 
(Chameleon COHERENT) operating at a wavelength of 780 nm with pulse duration of 150 fs and a repetition 
rate of 90 MHz was used for the both polarizing oxide and chalcogenide glasses. Ellipsometric measurements 
of the polarizing glass were performed in order to examine parameters  and  which are related to the 
polarization change in the light that interacts with a sample. The measurements were carried out on two-
channel spectroellipsometer ES-2 with binary polarization modulation by Perov et al., 1994. Wavelength 
range of the measurement was 380-1050 nm with a step of 10 nm and spectral line width 6 nm.  
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3. Results and discussion 
Figure 1 shows Z-scan with open-aperture characterization of the investigated polarizing oxide glass with 
Ag nanorods compared to the chalcogenide glasses with Cu nanoparticles. It is seen a different nonlinear 
optical absorption for the polarizing glass in dependence on polarizing angle  = 0 or 90 degrees, the latter is 
similar to Z-scan data obtained for the chalcogenide glasses with Cu nanoparticles. The results obtained reveal 
that when the polarization of the laser is parallel to the long axis of the Ag nanorods (  = 0 degrees), the 
saturated nonlinear absorption takes place. When the polarization of light is perpendicular to the long axis of 
the Ag nanorods (  = 90 degrees), the saturated nonlinear absorption and two-photon nonlinear absorption 
are observed likely to Cu:chalcogenide glasses. Because of the best one-photon FOM W > 1 and the best two-
photon FOM T < 1 have been detected for the polarizing glass when the polarization of the laser pulses was 
perpendicular to the long axis of the Ag nanorods by Wang et al., 2006, we suggest that the investigated 
chalcogenide glasses with Cu nanoparticles should be also examined further as a candidate for applications in 
all-optical switching. 
 
 
  
Fig. 1. Z-scan with open-aperture characterization of the investigated polarizing oxide glass with Ag nanorods (top) and chalcogenide 
glasses with Cu nanoparticles (Kavetskyy et al., 2012, bottom). 
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Figure 2 shows ellipsometric  and  spectra of the investigated polarizing oxide glass with Ag nanorods 
for three incidence angles (50, 60 and 70 degrees). There have been several measurements of the  and  
spectra at different azimuthal angles of ellipsometer light incidence to sample. Azimuthal step was 30 
degrees. Ellipsometric measurements carried out show also a dependence of the properties of the investigated 
polarizing glass on the sample orientation in consistence with Ag nanorod locations. Namely, significant 
differences in the corresponding spectra were not found as it may be expected because of the investigated 
polarizing sample is more isotropic with a weaker polarized optical properties than the samples studied by 
Wang et al., 2006. Approximation of the experimental data by least-squares simultaneously for all three 
angles of incidence gave average refraction index n = 1.55 and extinction coefficient k = 0.11. 
 
 
Fig. 2. Ellipsometric  and  spectra of the investigated polarizing oxide glass with Ag nanorods for three incidence angles (50, 60 and 
70 degrees). 
 
4. Conclusions 
In this work, the femtosecond Z-scan measurements with open-aperture of nonlinear absorption of the 
R2O-B2O3-SiO2 (R = Li, Na, K) polarizing oxide glass containing Ag nanorods at polarizing angle  = 0 and 
90 degrees have been carried out. The results obtained have been compared with the same femtosecond Z-
scan measurements with open-aperture of nonlinear absorption of the chalcogenide glasses with Cu 
nanoparticles (Cu:As2S3 and Cu:Ge15.8As21S63.2) by Kavetskyy et al., 2012. It has been established that (i) 
when the polarization of the laser is parallel to the long axis of the Ag nanorods (  = 0 degrees), the saturated 
nonlinear absorption takes place; and (ii) when the polarization of light is perpendicular to the long axis of the 
Ag nanorods (  = 90 degrees), the saturated nonlinear absorption and two-photon nonlinear absorption are 
observed likely to Cu:chalcogenide glasses. Ellipsometric measurements have also indicated a dependence of 
the properties of the polarizing glass on the sample orientation in consistence with Ag nanorod locations. 
Because of the best one-photon FOM W > 1 and the best two-photon FOM T < 1 have been detected for the 
polarizing glass when the polarization of the laser pulses was perpendicular to the long axis of the Ag 
nanorods by Wang et al., 2006, it has been suggested that the investigated chalcogenide glasses with Cu 
nanoparticles should be also examined further as a candidate for applications in all-optical switching. 
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